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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: s 

The present invention relates to a tire resonance 
frequency detecting apparatus which detects a tire res- 
onance frequency from a tire vibration frequency com- 
ponent, particularly relates to a tire resonance 10 
frequency detecting apparatus as disclosed in EP-A-0 
578 826. 

The tire resonance frequency detected by the tire 
resonance frequency detecting apparatus according to 
the present invention can be used for a tire air pressure is 
detecting apparatus which detects a tire air pressure on 
the basis of a tire resonance frequency. 

2. Description of the Related Art: 

20 

In a conventional tire resonance frequency detect- 
ing apparatus, a tire resonance frequency is detected 
from a tire vibration frequency component which is 
extracted from a vehicle wheel speed signal which is 
generated by a wheel speed sensor or the like during a 25 
vehicle traveling, and is used for a tire air pressure 
detection. 

An example of the conventional apparatus is dis- 
closed in Japanese Patent Application Laid-Open No. 
Hei. 5-133831. In this conventional tire air pressure 30 
detection apparatus, the tire vibration frequency is 
derived by performing a fast Fourier transform (FFT) 
operation with respect to the wheel speed signal. There- 
after, a noise component therein is reduced by perform- 
ing an averaging process and a moving averaging 35 
process with respect to the tire vibration frequency. After 
that, the tire resonance frequency is calculated based 
on the noise-reduced tire vibration frequency. 

Besides the above method, as a method of reduc- 
ing the noise frequency component included in the tire 40 
vibration frequency component, a method of using a low 
pass filter or the like is well known. 

The tire vibration frequency component, however, 
includes not only the resonance frequency caused by 
the tire air pressure but also the other resonance fre- as 
quency as the noise frequency. For example, in a tire 
which corresponds to a drive-wheel, a vibration thereof 
includes vibrations caused by a slight eccentricity of a 
gear in a power transmission system and unevenness 
of gear teeth and these becomes the noise frequency so 
component. 

If such noise frequency component is included in 
the tire vibration frequency component, the noise fre- 
quency component may be detected as the tire reso- 
nance frequency unless it is distinguished from the tire ss 
resonance frequency. That is, there arises possibility 
that a detection error of the tire resonance frequency 
becomes larger. Furthermore, when the tire air pressure 
detecting apparatus uses the tire resonance frequency 



including the noise frequency component to detect a tire 
air pressure, detection precision of the tire air pressure 
also deteriorates and thereby the tire air pressure 
detecting apparatus may warn a fall of the tire air pres- 
sure erroneously. 

Against the above problem, the conventional appa- 
ratus merely performs the averaging process and the 
moving averaging process with respect to the tire vibra- 
tion frequency component to reduce the noise fre- 
quency component. The above processes, however, 
just smooth the noise frequency component to some 
degree, and further a level of the true tire resonance fre- 
quency component also declines due to the averaging 
process and the like. 

In addition, when a noise reduction process is exe- 
cuted by a band pass filter or the like, which the tire 
vibration frequency is passed through, the filter unnec- 
essarily removes a resonance frequency which is 
included within the frequency band, as well as the noise 
frequency component. 

To summarize, because the noise frequency com- 
ponent included in the tire vibration frequency compo- 
nent can not be specified in the noise reduction process 
such as the averaging process and the like, the noise 
reduction process which is effective to reduce the noise 
frequency component can not be performed. Therefore, 
the detection error of the tire resonance frequency 
becomes larger and deteriorates the detection accuracy 
of the tire air pressure. 

SUMMARY OF THE INVENTION 

In view of the above problems of the prior art, it is 
an object of the present invention to provide a tire reso- 
nance frequency detecting apparatus which can specify 
a noise frequency component other than a resonance 
frequency component caused by a tire air pressure and 
precisely detect a tire resonance frequency by sup- 
pressing the noise frequency component as much as 
possible. If the tire resonance frequency detected thus 
is supplied to a tire air pressure detecting apparatus and 
used for a detection of a tire air pressure, it is possible 
to provide the tire air pressure detecting apparatus 
which can precisely detect the tire air pressure. 

A tire resonance frequency detecting apparatus 
according to the present invention specifies and detects 
a noise frequency component other than a resonance 
frequency component caused by a tire air pressure on 
the basis of a correlation between a left-hand and a 
right-hand tire vibration frequency components. The 
noise frequency component is caused by a slight eccen- 
tricity of a gear in a power transmission system, vibra- 
tion of the gear and the like as explained later in detail. 
The noise frequency component is respectively 
included in the left-hand and the right-hand tire vibration 
frequency components and these have a predeter- 
mined correlation. That is, when the noise frequency 
component is transmitted from, for example, a differen- 
tial gear device, the noise frequency component 
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reaches the left-hand tire and right-hand tire at the 
same time. On the other hand, the resonance frequency 
component caused by the tire air pressure is produced 
in response to a resonance phenomenon when the tire 
is twisted due to conditions of road surface. Because 
the road surface inevitably has minute unevenness, the 
tire is caused to randomly vibrate owing to the minute 
unevenness, and amplitude and frequency of the vibra- 
tion is different from tire to tire. Accordingly, it is possible 
to detect the noise frequency component by referring to 
the correlation between a left-hand and a right-hand tire 
vibration frequency components. 

At this time, it can be determined whether the vibra- 
tion frequency component is the noise frequency com- 
ponent by determining whether the correlation between 
a left-hand and a right-hand tire vibration frequency 
components has a specified inherent value on the basis 
of a statistical analysis of each tire vibration frequency 
component. 

Furthermore, as described above, the vibration fre- 
quency component caused by the tire air pressure is dif- 
ferent from tire to tire and the noise frequency 
component which is not caused by the tire air pressure 
but caused by a power transmission system of the like 
reaches the left-hand and right-hand tires with a prede- 
termined correlation. To determine whether they have 
the predetermined correlation, a phase lag of each 
vibration frequency component can be utilized, and a 
coherence function thereof can also be utilized. 

Moreover, assuming that the noise frequency com- 
ponent from the power transmission system or the like 
reaches each tire at the same time, among the vibration 
frequency components, a frequency component having 
the identical phase can be determined as the noise fre- 
quency component to perform a noise reduction proc- 
ess. Furthermore, a predetermined range can be 
established with respect to the phase lag. That is, as a 
result of comparing each vibration frequency compo- 
nent, if the phase lag therebetween is within the prede- 
termined range, the vibration frequency components 
can be determined as the noise frequency component. 
Due to this, if the noise frequency component from the 
power transmission system does not completely reach 
the left-hand tire and the right-hand tire at the same 
time because of a turning state of a vehicle or the like, 
the noise frequency component can be detected pre- 
cisely. 

The tire vibration frequency components are 
obtained by performing a fast Fourier transform (FFT) 
with respect to wheel speed signals from wheel speed 
sensors installed for each wheel. Through the perform- 
ance of the FFT operation, power spectrums and 
phases of each vibration frequency component can 
become clear. In this case, it is possible to reduce the 
noise frequency component by making the power spec- 
trum thereof smaller and thereby suppress an influence 
of the noise frequency component against the true tire 
resonance frequency component, it is also possible to 
reduce the noise frequency component by deleting the 



power spectrum of the frequency component deter- 
mined to be the noise frequency component. In this 
case, the tire resonance frequency is not subject to the 
noise frequency component at all. 

5 When the tire resonance frequency obtained as 
described above is used for a tire air pressure detecting 
apparatus which detects a tire air pressure on the basis 
of a tire resonance frequency, it can perform a precise 
tire air pressure detection. 

10 Furthermore, because the tire resonance fre- 
quency has a predetermined relationship with a tire 
spring constant, it is possible to derive the tire spring 
constant instead of the tire resonance frequency to 
detect the tire air pressure and apply it for the tire air 

75 pressure detecting apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present 
20 invention will be appreciated, as well as methods of 
operation and the function of the related parts, from a 
study of the following detailed description, the 
appended claims, and the drawings, all of which form a 
part of this application. In the drawings: 

25 

FIG. 1 is a structural diagram showing a whole 
structure of a tire air pressure detecting apparatus 
according to the first embodiment of the present 
invention; 

30 FIG. 2 is a block diagram showing a function of an 
ECU of FIG. 1; 

FIG. 3A is a flow chart showing processing which 
the ECU of FIG. 1 performs; 
FIG. 3B is a flow chart showing processing which 
35 the ECU of FIG. 1 performs; 

FIG. 4 is a graph showing an effect in a case where 
the first embodiment is applied to a vehicle which is 
driven by rear wheels; 

FIG. 5 is a schematic view showing a tire model; 

40 FIG. 6 is a graph showing a relationship between 
an average value K of twist spring constants and a 
tire air pressure in the second embodiment; 
FIG. 7A is a flow chart showing processing which 
the ECU in the third embodiment performs; 

45 FIG. 7B is a flow chart showing processing which 
the ECU in the third embodiment performs; 
FIG. 7C is a flow chart showing processing which 
the ECU in the third embodiment performs; and 
FIG. 7D is a flow chart showing processing which 

so the ECU in the third embodiment performs. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT? 

55 The first embodiment of the present invention will 
be explained hereinafter with reference to the drawings. 

FIG. 1 is a structural view showing the whole struc- 
ture of the first embodiment in which a tire resonance 
frequency detecting apparatus according to the present 
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invention is applied to a tire air pressure detecting appa- 
ratus. 

As shown in FIG. 1 , wheel speed sensors are pro- 
vided for respective tires 1a through 1d of a vehicle. 
Each wheel speed sensor comprises gears 2a through 
2d and pick-up coils 3a through 3d. The gears 2a 
through 2d are coaxially mounted on a rotary shaft (not 
shown) of each tire 1a through 1d, and are made from 
disc-shaped magnetic bodies. The pick-up coils 3a 
through 3d are positioned in close proximity to the gears 
2a through 2d with a predetermined gap therebetween 
for outputting an alternating current signal which has a 
period corresponding to the rotational speed of the 
gears 2a through 2d, i.e., the tires 1a through 1d. The 
alternating current signals output from the pick-up coils 
3a through 3d are applied to an electronic control unit 
(ECU) 4 comprising a wave shaping circuit, ROM (read 
only memory), RAM (random access memory) and so 
on so that a predetermined signal processing, which 
includes a wave shaping, is performed. The result of this 
signal processing is applied to a display portion 5 which 
indicates an air pressure condition of each tire 1a 
through 1d to a driver. The display portion 5 may display 
the air pressure condition of each tire 1a through 1d 
independently, or by providing only one alarm lamp, it 
may provide an alarm by turning on the alarm lamp 
when the air pressure of any one of the tires 1 a through 
1d is below a reference air pressure. 

FIG. 2 is a block diagram showing a function of the 
ECU 4. As shown in FIG. 2, the ECU 4 comprises first 
output means 41a and second output means 41b for 
respectively outputting tire vibration frequency compo- 
nents of a left-hand and a right-hand tires while the vehi- 
cle is traveling, noise detecting means 42 for detecting a 
noise frequency component which is independent of the 
tire air pressure on the basis of a correlation between 
the vibration frequency components respectively gener- 
ated by the first output means 41a and second output 
means 41b, noise reducing means 43 for reducing the 
noise frequency component detected by the noise 
detecting means 42 from the vibration frequency com- 
ponent, tire resonance frequency detecting means 44 
for detecting resonance frequencies of each tire by 
using the vibration frequency component from which the 
noise frequency component is reduced, and tire air 
pressure detecting means 45 for detecting tire air pres- 
sures on the basis of the resonance frequencies 
detected by the tire resonance frequency detecting 
means 44. 

Details of operation of the noise reducing means 43 
will be explained hereinafter. 

When the vehicle is traveling on, for example, a 
paved road, a gravel road, or a road on a bridge built in 
a high position, the tires vibrate due to minute uneven- 
ness of a road surface or objects such as stones. 
Accordingly, a twist resonance phenomenon occurs in 
each tire by a tire vibrating in accordance with road sur- 
face condition. The twist resonance phenomenon 
means a phenomenon where a side portion of the tire is 



twisted by fine deviation of rotation angle between a 
central portion of the tire and a peripheral portion of the 
tire, and the twist thereof is repeated at a certain fre- 
quency. The tire vibration in accordance with the road 

5 surface condition is a vibration which has different 
amplitudes and frequencies for each tire, and irregularly 
occurs in accordance with the road surface condition. 
Therefore, most of the vibration frequency component 
due to the twist resonance phenomenon is not equal for 

10 the left-hand tire and the right-hand tire in frequency or 
the like. That is because there is almost no possibility 
that the left-hand tire and the right-hand tire simultane- 
ously travel on the road with surface condition which 
causes the same vibration frequency component to 

75 occur, and thereby the vibration frequency components 
due to the each tire's twist resonance phenomenon 
hardly have a specified time lag. 

Accordingly, when the correlation of the tire vibra- 
tion frequency between the left-hand tire and the right- 

20 hand tire becomes a specified inherent value according 
to the statistics, i.e. the tire vibration frequency compo- 
nents of the left-hand tire and the right-hand tire do not 
occur irregularly, the noise detecting means 42 deter- 
mines it as a resonance vibration other than a tire reso- 

25 nance vibration, i.e., the noise frequency component. 
That is, the tire resonance through a differential gear 
device or by a backward and forward spring potion of a 
suspension is transmitted to the left-hand tire and the 
right-hand tire with a predetermined correlation. There- 

30 fore, the vibration frequency component can be speci- 
fied as the noise frequency component by detecting the 
frequency components having the predetermined corre- 
lation among the vibration frequency component of the 
left-hand tire and right-hand tire. To sum up, the noise 

35 frequency component is transmitted to the left-hand tire 
and right-hand tire with a predetermined phase lag or 
the same phase, differing from the tire vibration fre- 
quency which is irregularly caused in accordance with 
the road surface condition, and thereby the ECU 4 in the 

40 first embodiment specifies the noise frequency compo- 
nent based on a phase relationship. 

FIGS. 3A and 3B are flow charts showing process- 
ing which the ECU 4 in the first embodiment performs. 
In FIGS. 3A and 3B, only processing for two rear tires 1 c 

45 and Id is shown, because the ECU 4 performs the 
same processing for front tires 1a and 1b as for the rear 
tires 1c and 1d. 

In FIG. 3A, at steps S10A and S10B, after a pulse 
signal is formed by wave-shaping the alternating current 

so signal output from the pick-up coils 3c and 3d, wheel 
speeds VL and VR are calculated by dividing the pulse 
interval with an elapsed period. At step S20, a phase 
delay (hereinafter, "phase lag") 8f with respect to each 
frequency f is derived by calculating a frequency 

55 response function, an input of which is either of the 
wheel speeds VL and VR, and an output of which is the 
other. At steps S30A and S30B, a frequency analysis is 
performed with respect to the calculated wheel speeds. 
In the first embodiment, FFT operation is performed to 
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obtain power spectrum (PLf, PRf) with respect to the 
each frequency f, and the cycles of the operation are 
counted (N = N + 1). 

At steps S40A and S40B, the noise frequency com- 
ponents are detected, and the noise reduction proc- 
esses are performed. Because these processes for the 
left-hand tire and the right-hand tire are the same, the 
process in step S40A only will be explained. 

At step S41 A, a lower limit value of the frequency f 
to perform the noise reduction process is set to fMIN as 
described below. 

lower limit value of the frequency f = fMIN 

At step S42A, the determination whether the phase 
lag 8f at the above frequency f has the following relation- 
ship with a predetermined threshold values eth1 , 8th2 is 
performed. 

ethi *i of * eth2 

When the phase lag 8f is within a range from 8th1 to 
8th2, it is determined that the power spectrum PLf at 
this frequency f includes lots of the noise frequency 
component. Thereafter, the processing progresses to 
step S43A. On the other hand, when the phase lag Of is 
out of the range from 6th1 to 8th2, the processing 
progresses to step S44A as the value of the power 
spectrum PLf does not change from the value in step 
S30A. 

At step S43A, the power spectrum PLf is renewed 
by multiplying the power spectrum PLf at the frequency 
f by a predetermined compensatory coefficient K (0 ^ K 

< 1). At step S44A, it is determined whether the fre- 
quency f is larger than an upper limit value fMAX (f § 
fMAX) which specifies an upper limit frequency to per- 
form the noise reduction process. When the frequency f 

< the upper limit value fMAX, the processing progresses 
to step S45A, but when the frequency f ^ the upper limit 
value fMAX, the processing progresses to step S50A. 

At step S45A, the frequency f is increased by add- 
ing a minimum resolving frequency Af of the FFT opera- 
tion (f = f + Af ), and thereafter the processing returns 
to step S42A. The above processes are repeated to 
perform the noise reduction process until the frequency 
f is the upper limit value fMAX or more. 

At step S50A, it is determined whether the number 
N of the FFT operations reaches a predetermined 
number Nth (N ^ Nth) to add and average a result of a 
plurality of the FFT operations where the noise reduc- 
tion process has been performed. When N ^ Nth, the 
processes from step 10A to step S40A are further 
repeatedly performed. When N > Nth, the processing 
progresses to step S60A. 

At step S60A, an averaging process is performed. 
In the averaging process, the power spectrums 
obtained from each the averaging process, the power 
spectrums obtained from each FFT operation are added 
and averaged at each frequency. The power spectrum 



Pf where the averaging process is performed at fre- 
quency f can be calculated by the following equation, 
when the PfN is defined as a power spectrum of fre- 
quency f at the time of N time's FFT operation. 

5 

Nth 

Pf = £ PfN/Nth 

A/=1 

10 At step 70 A, a tire air pressure P is derived from a 
relationship between the tire resonance frequency fk 
and the tire air pressure P (P = F(fk)) . At step 90A, it is 
determined whether the tire air pressure P is less than 
an allowable lower limit value P0 of the tire air pressure 

is (P ^ P0). When P ^ P0, the processing progresses to 
step 100A, but when P > PO, the processing progresses 
to step S10A. At step 100A, the display portion 5 dis- 
plays an unallowable fall condition of the tire air pres- 
sure to give a warning to a driver. 

20 FIG. 4 is a graph showing an effect in a case where 
the first embodiment is applied to a vehicle which is 
driven by rear wheels. Vibration which is proportional to 
propeller shaft revolutions and which is caused by an 
eccentricity of the gear in the power transmission sys- 

25 tern is generated to the drive-wheel. The vibration is 
transmitted to the left-hand tire and the right-hand tire at 
the same time via a drive shaft and causes fluctuation in 
wheel speeds. The fluctuation and as a result, the noise 
frequency component is included in the vibration fre- 

30 quency component as shown in FIG. 4. 

It is, however, possible to reduce the noise fre- 
quency component with the noise reduction process 
composed of step S40A and step S40B as shown with 
a solid line in FIG. 4 

35 In the first embodiment, one frequency range from 
fMIN to fMAX is established, however, frequency ranges 
more than two can be established and threshold values 
9th1 and 8th2 to determine the magnitude of the phase 
lag can be set in accordance with frequency ranges. 

40 Furthermore, in the first embodiment, the noise fre- 
quency component is reduced by compensating the 
power spectrum at steps S43 A, S44A, and S45A and so 
on. In this case, the influence of the noise frequency 
component on the detection of the tire air pressure can 

45 be reduced by making lower the level of the power spec- 
trum, or specified noise frequency component can be 
entirely cut off by setting the level of the power spectrum 
to zero. 

Moreover, in the first embodiment, some extent of 
so determination range is established by the threshold val- 
ues 8th 1 and 8th2 to detect the phase lag of the vibra- 
tion frequency components transmitted to each tire and 
thereby to specify the noise frequency component. 
However, the threshold values 8th1 and 8th2 may be set 
55 to zero. In this case, only same phase component is 
strictly detected as the noise frequency component. If 
the threshold values 8th1 and 8th2 are set to zero, the 
noise frequency component which is transmitted to the 
left-hand tire and the right-hand tire at the same time 



5 



9 



EP0 695 653B1 



10 



from the drive system such as the differential gear 
device can be sufficiently specified, and there is little 
possibility that the vibration frequency component 
including the true tire resonance frequency is detected 
erroneously as the noise frequency component. 

Explained next is the second embodiment, which is 
characterized by estimating tire spring constants on the 
basis of frequency components after the noise reduc- 
tion processes according to steps S40A, S40B of the 
first embodiment and detecting a tire air pressure from 
the tire spring constants. 

The noise reducing process of the second embodi- 
ment equals to that of the first embodiment, and so the 
explanation thereof is omitted. Hereinafter, an operation 
method of estimating the tire spring constant will be 
explained in detail. 

FIG. 5 is a schematic view showing a tire model. As 
shown in FIG. 5, an equation of motion with respect to a 
tire twist vibration is expressed with the following equa- 
tions: 

J1 x(d©1/dt) = -kx(01 -82) 

©1 =dG1 /dt 

wherein ©1 is the wheel speed (angular speed) 
which is calculated on the basis of a signal detected by 
the pick-up coils 3a through 3d of FIG. 1 , 61 is an angle 
thereof, J1 is a moment of inertia of a rotating weight 
portion (wheel, acceleration shaft and so on) under a 
spring of a suspension, k is a twist spring constant of 
the tire, and 92 is a twist angle of a rubber portion at the 
side of the tire. 

In the above equation, because 02 can be regarded 
as almost zero (02 = 0), the twist spring constant of the 
tire can be calculated by the following equation: 

k = -J1 x(d©1/dt)/01 
= -J1 x(d©1/dt)/(J©1dt) 

©1 can be detected by the pick-up coil, and J1 is a 
value determined by a specification of a vehicle as 
described before. Therefore, the twist spring constant 
can be calculated by the above equation. That is, in the 
second embodiment, ©1 is calculated from the vibration 
frequency component after performing the noise reduc- 
tion process at steps S40A and S40B in FIG. 3A, 
instead of the calculation of the resonance frequency f K 
at steps S70A and S70B in FIG. 3B to derive the twist 
spring constant k. And the tire air pressure P is calcu- 
lated by a known method with using the twist spring 
constant k, instead of the process at step S80A and 
S80B. 

The twist spring constant may be indirectly derived 
from the tire resonance frequency of the first embodi- 
ment. That is, the resonance frequency f is generally 
represented by the following equation. 

foc(k/m) 1/2 



Because m is a constant value determined by a 
specification of a vehicle, the twist spring constant k can 
be derived from the above equation. 

FIG. 6 is a graph showing a relationship between 

5 an average value K of the twist spring constants and a 
tire air pressure. The relationship shown in FIG. 6 may 
be stored as a map. In this case, after the average value 
K is calculated, the tire air pressure can be directly 
detected by referring to the map. Furthermore, when the 

10 map is utilized, a display form of the display portion 5 
may be changed so that the tire air pressure which is 
estimated by referring to the map is directly displayed 
thereon for each tire. 

Next, the third embodiment will be explained. In the 

75 third embodiment, a coherence function which is known 
as a method of a frequency analysis is used as a value 
showing the correlation between the vibration frequency 
components of the left-hand tire and the right-hand tire. 
A noise determination and a noise reduction are per- 

20 formed on the basis of a value of the coherence func- 
tion. 

FIGS. 7A, 7B, 7C and 7D are flow charts showing 
processing which the ECU 4 in the third embodiment 
performs. 

25 After wheel speeds of the left-hand tire and right- 
hand tire are calculated at steps S10A and S10B, the 
coherence function is calculated from the wheel speeds 
at step S150. Thereafter, FFT operations are performed 
at steps S30A and S30B and whether the number of the 

30 FFT operations reaches a predetermined number is 
determined at steps S50A and S50B, and the above 
steps are repeatedly executed until the number thereof 
equals to Nth. At steps S60A and S60B, a process to 
average the result of the FFT operations is performed. 

35 At step S170, an averaging process is performed 
with respect to a calculation result of the coherence 
function as well. In the averaging process, coherence 
function values y(f) at each frequency in place of the 
power spectrum at step S60A and S60B are added and 

40 averaged. The processes of step S1 60A and the subse- 
quent steps will be explained only about the process for 
the left-hand tire. 

At step S161 A, a lower limit value of the frequency 
f to perform the noise reduction process is set to fMIN 

45 as described below. 

f = fMIN 

At step S162A, whether the coherence function 
50 value y(f) after the averaging process has the following 
relationship with a predetermined threshold values y1 
and y2 is determined. 

y1 * y(f) * y2 

55 

When the coherence function value y(f) is within a 
range from y1 to y2, it is determined that there are lots of 
noise frequency components at this frequency f. There- 
after, the processing progresses to step S163A. At step 
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S163A, the power spectrum PLf is renewed by multiply- 
ing the power spectrum PLf at the frequency f after the 
averaging process by a predetermined compensatory 
coefficient K (0 ^ K < 1). On the other hand, when the 
coherence function value y(f) is out of the range from y1 5 
to y2, the processing progresses to step S164A as the 
value of the power spectrum PLf does not change from 
the value in step S60A. 

Step S1 64A and step S44A in FIG. 3A are the same 
and step S165A and step S45A are also the same, and 10 
the above processes are repeatedly executed to per- 
form the noise reduction until the frequency f becomes 
the upper limit value fMAX. Further, the explanation of 
step S70A and the subsequent steps is omitted 
because they are the same as the processes of the first 15 
embodiment. 

In the above embodiments, the wheel speed sensor 
composed of the pick-up coil is exemplified as output 
means for outputting signal including the vibration com- 
ponent of an unsprung weight However, as the output 20 
means, an acceleration sensor installed on an unsprung 
portion (for example, a lower arm), a displacement sen- 
sor installed so that a relative displacement between the 
vehicle body and the tire can be detected, or a load sen- 
sor installed so that a load between the vehicle body 25 
and the tire can be detected, can be applied. 

As many apparently widely different embodiments 
of this invention may be made without departing from 
the terms of the claims, it is to be understood that the 
invention is not limited to the specific embodiments 30 
thereof except as defined in the appended claims. 

Claims 

1 . A tire resonance frequency detecting apparatus for 35 
a vehicle having a left-hand tire (1b, 1 d) and a right- 
hand tire (1a, 1c), comprising: 

first output means (S10A, S30A) for outputting 
a vibration frequency component of said left- 40 
hand tire during said vehicle travelling; 
second output means (S10B, S30B) for output- 
ting a vibration frequency component of said 
right-hand tire during said vehicle travelling; 
characterized by 45 
noise detecting means (S42A, S42B) for 
detecting a noise frequency component other 
than a resonance frequency caused by a tire 
air pressure from said vibration frequency com- 
ponents of said left-hand tire and said right- so 
hand tire on the basis of a correlation between 
said vibration frequency components of each 
tire output by said first output means (S10A, 
S30A) and said second output means (S10B, 
S30B); 55 
noise removing means (S43A, S43B) for 
removing said noise frequency component 
detected by said noise detecting means from 
the vibration frequency components of said 



each tire; and 

tire resonance frequency detecting means 
(S70A, S70B) for detecting a tire resonance 
frequency from said vibration frequency com- 
ponent of said each tire from which said noise 
frequency component is removed by said noise 
removing means. 

2. A tire resonance frequency detecting apparatus for 
a vehicle according to claim 1, wherein said noise 
detecting means (S42A, S42B) determines said 
each vibration frequency component as said noise 
frequency component in a case where said correla- 
tion between said vibration frequency components 
output by said first output means (S10A, S30A) and 
said second output means (S10B, S30B) statisti- 
cally has a specified inherent value. 

3. A tire resonance frequency detecting apparatus for 
a vehicle according to claim 2, wherein said corre- 
lation uses a phase lag between said vibration fre- 
quency component output by said first output 
means (S10A, S30A) and said vibration frequency 
component output by said second output means 
(S10B, S30B) at each frequency. 

4. A tire resonance frequency detecting apparatus for 
a vehicle according to claim 3, wherein said noise 
detecting means (S42A, S42B) detects said each 
vibration frequency component as said noise fre- 
quency component in a case where said phase lag 
between said vibration frequency components out- 
put by said first output means (S10A, S30A) and 
said second output means (S10B, S30B) is within a 
predetermined range. 

5. A tire resonance frequency detecting apparatus for 
a vehicle according to claim 3, wherein said noise 
detecting means (S42A, S42B) detects said each 
vibration frequency component as said noise fre- 
quency component in a case where said each 
vibration frequency component output by said first 
output means (S10A, S30A) and said second out- 
put means (S10B, S30B) has the same phase. 

6. A tire resonance frequency detecting apparatus for 
a vehicle according to claim 2, wherein said corre- 
lation uses coherence functions on said left-hand 
tire (1b, 1d) and said right-hand tire (1a, 1c) which 
include a tire vibration component at each fre- 
quency. 

7. A tire resonance frequency detecting apparatus for 
a vehicle according to claim 1, wherein said noise 
removing means (S43A, S43B) suppresses an 
influence of said noise frequency component by 
compensating a power spectrum of said noise fre- 
quency component at each frequency. 



7 



13 



EP 0 695 653 B1 



14 



8. A tire resonance frequency detecting apparatus for 
a vehicle according to claim 1, wherein said first 
output means (S10A, S30A) and said second out- 
put means (S10B, S30B) respectively output said 
vibration frequency component of said each tire by 
performing a fast Fourier transform operation with 
respect to wheel speed signals from wheel speed 
sensors (2a~2d, 3a~3d) installed for said each tire 
of said vehicle. 

9. A tire resonance frequency detecting apparatus for 
a vehicle according to claim 1, wherein said noise 
removing means (S43A, S43B) removes said noise 
frequency component by deleting a power spec- 
trum of said noise frequency component at each 
frequency. 

1 0. A tire resonance frequency detecting apparatus for 
a vehicle according to claim 1, further comprising: 

tire air pressure detecting means (S80A, S80B) 
for detecting air pressures of each tire on the 
basis of said tire resonance frequency compo- 
nents derived from said vibration frequency 
components of said each tire from which said 
noise frequency component is removed by said 
noise removing means (S43A, S43B). 

1 1 . A tire resonance frequency detecting apparatus for 
a vehicle according to claim 1 , further comprising: 

tire air pressure detecting means (S80A, S80B) 
for detecting air pressures of each tire on the 
basis of tire spring constants which correspond 
to said tire resonance frequency and are 
detected Worn said vibration frequency compo- 
nents of each tire from which said noise fre- 
quency component is removed by said noise 
removing means (S43A, S43B). 

Patentanspruche 

1. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug mit einem linken 
Reifen (1b, 1d.) und einem rechten Reifen (1a, 1c), 
mit: 

ersten Ausgabevorrichtungen (S10A, S30A) 
zum Ausgeben einer Vibrationsfrequenzkom- 
ponente des linken Reifens wahrend der Fahrt 
des Fahrzeuges; 

zweiten Ausgabevorrichtungen (S10B, S30B) 
zum Ausgeben einer Vibrationsfrequenzkom- 
ponente des rechten Reifens wahrend der 
Fahrt des Fahrzeuges, gekennzeichnet durch: 
Rauscherkennungsvorrichtungen (S42A, 
S42B) zum Erkennen einer Rauschfrequenz- 
komponente, welche nicht eine Resonanzfre- 
quenz ist, die durch einen Reifenluftdruck 



verursacht wurde aus den Vibrationsfrequenz- 
komponenten des linken Reifens und des rech- 
ten Reifens auf der Grundlage einer Korrelation 
zwischen den Vibrationsfrequenzkomponenten 
5 eines jeden Reifens, wie sie von den ersten 

Ausgabevorrichtungen (S10A, S30A) und den 
zweiten Ausgabevorrichtungen (S10B, S30B) 
ausgegeben wurden; 

Rauschentfernungsvorrichtung (S43A, S43B) 
10 zum Entfernen der Rauschfrequenzkompo- 

nente, die von den Rauscherkennungsvorrich- 
tungen erkannt wurden aus den 
Vibrationsfrequenzkomponenten eines jeden 
Reifens; und 

15 Reifenresonanzfrequenz-Erkennungsvorrich- 
tungen (S70A, S70B) zum Erkennen einer Rei- 
fenresonanzfrequenz aus der Vibrations- 
frequenzkomponente eines jeden Reifens, aus 
der die Rauschfrequenzkomponente durch die 

20 Rauschentfernungsvorrichtung entfernt wurde. 

2. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug nach Anspruch 
1, wobei die Rauscherkennungsvorrichtung (S42A, 

25 S42B) jede Vibrationskomponente als die Rausch- 
frequenzkomponente in dem Fall bestimmt, wo die 
Korrelation zwischen den Vibrationsfrequenzkom- 
ponenten von den ersten Ausgabevorrichtungen 
(S10A, S30A) und den zweiten Ausgabevorrichtun- 

30 gen (S10B, S30B) statistisch einen spezrfizierten 
inhSrenten Wert hat. 

3. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug nach Anspruch 

35 2, wobei die Korrelation eine Phasennacheilung 
zwischen der Vibrationsfrequenzkomponente von 
der ersten Ausgabevorrichtung (S10A, S30A) und 
der Vibrationsfrequenzkomponente von der zwei- 
ten Ausgabevorrichtung (S10B, S30B) bei jeder 

40 Frequenz verwendet. 

4. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug nach Anspruch 
3, wobei die Rauscherkennungsvorrichtung (S42A, 

45 S42B) jede Vibrationsfrequenzkomponente als die 
Rauschfrequenzkomponente in dem Fall erkennt, 
wo die Phasennacheilung zwischen den Vibrations- 
frequenzkomponenten von den ersten Ausgabevor- 
richtungen (S10A, S30A) und den zweiten 

so Ausgabevorrichtunen (S10B, S30B) innerhalb 
eines bestimmten Bereiches liegt. 

5. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug nach Anspruch 

55 3, wobei die Rauscherkennungsvorrichtung (S42A, 
S42B) jede der Vibrationsfrequenzkomponenten 
als die Rauschfrequenzkomponente in dem Fall 
erkennt, wo jede der Vibrationsfrequenzkompo- 
nente von den einen ersten Ausgabevorrichtungen 
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(S10A, S30A) und den zweiten Ausgabevorrichtun- 
gen (S10B, S30B) die gleiche Phase haben. 

6. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug nach Anspruch 
2, wobei die Korrelation die Koharenzfunktionen am 
linken Reifen (1b, 1d) und rechtem Reifen (1a, 1c) 
verwendet, welche eine Reifenvibrationskompo- 
nente bei jeder Frequenz enthalten. 

7. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug nach Anspruch 
1, wobei die Rauschentfernungsvorrichtung (S43A, 
S43B) einen EinfluG der Rauschfrequenzkompo- 
nenten unterdruckt, in dem ein Leistungsspektrum 
der Rauschfrequenzkomponente bei jeder Fre- 
quenz kompensiert wird. 

8. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug nach Anspruch 
1, wobei die ersten Ausgabevorrichtungen (S10A, 
S30A) und die zweiten Ausgabevorrichtungen 
(S10B, S30B) jeweils die Vibrationsfrequenzkom- 
ponerrte eines jeden Reifens durch Durchfuhrung 
einer schnellen Fourier-Transformation an den 
Raddrehzahlsignalen von den Raddrehzahlsenso- 
ren (2a bis 2d), (3a bis 3d) durchfuhren, welche fur 
jeden Reifen des Fahrzeuges eingebaut sind. 

9. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug nach Anspruch 
1 , wobei die Rauschentfernungsvorrichtung (S43a, 
S43b) die Rauschfrequenzkomponente durch 
Beseitigen eines Leistungsspektrums der Rausch- 
frequenzkomponente bei jeder Frequenz entfernen. 

10. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug nach Anspruch 
1, weiterhin mit: 

Reifenluftdruckerkennungsvorrichtungen 
(S80A, S80B) zum Erkennen von Luftdrucken 
eines jeden Reifens auf der Grundlage der Rei- 
fenresonanzfrequenzkomponenten, welche 
von den Vibrationskomponenten eines jeden 
Reifens erhalten wurden, von denen die 
Rauschfrequenzkomponenten durch die 
Rauschentfernungsvorrichtungen (S43A, 
S43B) entfernt wurden. 

11. Eine Vorrichtung zur Ermittlung der Resonanzfre- 
quenz von Reifen fur ein Fahrzeug nach Anspruch 
1, weiterhin mit: 

Reifenluftdruckerkennungsvorrichtung (S80A, 
S80B) zum Erkennen von Luftdrucken eines 
jeden Reifens auf der Grundlage von Reifenfe- 
derkonstanten, welche der Reifenresonanzfre- 
quenz entsprechen und aus den 



Vibrationsfrequenzkomponenten eines jeden 
Reifens ermittelt wurden, aus denen die 
Rauschfrequenzkomponente durch die 
Rauschentfernungsvorrichtungen (S43A, 
5 S43B) entfernt wurden. 

Revendications 

1. Un dispositif de detection de frequence de r6so- 
w nance d'un pneu pour un v6hicule muni d'un pneu 

de gauche (1b, 1d) et d'un pneu de droite (1a, 1c), 
comportant : 

un premier moyen de sortie (S10A, S30B) pour 

75 extraire une composante de frequence de 

vibration dudit pneu de gauche pendant le 
d6placement dudit vehicule ; 
un second moyen de sortie (S10B, S30B) pour 
extraire une composante de frequence de 

20 vibration dudit pneu de droite pendant le depla- 

cement dudit vehicule ; 

caracterise par 
un moyen de detection de bruit (S42A, S42B) 
pour detecter une composante de frequence 

25 de bruit autre qu'une frequence de resonance 

caus6e par une pression d'air d'un pneu, k par- 
tir desdites composantes de frequence de 
vibration dudit pneu de gauche et dudit pneu 
de droite, sur la base d'une correlation entre 

30 lesdites composantes de frequence de vibra- 

tion chaque pneu, sorties par ledit premier 
moyen de sortie (S10A, S30A) et ledit second 
moyen de sortie (S10B, S30B) ; 
un moyen de suppression de bruit (S43A, 

35 S43B) pour supprimer ladite composante de 

frequence de bruit d6tect6e par ledit moyen de 
detection de bruit k partir des composantes de 
frequence de chacun desdits pneumatiques ; 
et 

40 un moyen de detection de frequence de reso- 

nance d'un pneu (S70A, S700B) pour detecter 
une frequence de resonance d'un pneu, k par- 
tir de ladite composante de frequence de vibra- 
tion de chaque pneu, k partir de laquelle ladite 

45 composante de frequence de bruit est suppri- 

m6e par ledit moyen de suppression de bruit. 

2. Un dispositif de detection de frequence de reso- 
nance d'un pneumatique pour un vehicule, selon la 

so revendication 1 , dans lequel ledit moyen de detec- 
tion de bruit (S42A, S42B) determine chaque drte 
composante de frequence de vibration comme 
etant ladite composante de frequence de bruit, 
dans le cas ou ladite correlation entre lesdites com- 

55 posantes de frequence de vibration sorties par ledit 
premier moyen de sortie (S10A, S30A) et ledit 
second moyen de sortie (S10B, S30B), a statisti- 
quement une valeur spec*rfi6e propre. 
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3. Un dispositif de detection de frequence de reso- 
nance d'un pneu pour un vehicule, selon la revendi- 
cation 2, dans lequel ladite correlation utilise un 
retard de phase entre ladite composante de fre- 
quence de vibration sortie par ledit premier moyen 
de sortie (S1 OA, S30A) et ladite composante de fre- 
quence de vibration sortie par ledit second moyen 
de sortie (S10B, S30B) k chaque frequence. 

4. Un dispositif de detection de frequence de reso- 
nance d'un pneu pour un vehicule, selon la revendi- 
cation 3, dans lequel ledit moyen de detection de 
bruit (S42A, S42B) detecte chaque dite compo- 
sante de frequence de vibration comme etant ladite 
composante de bruit, dans le cas ou ledit retard de 
phase entre lesdites composantes de frequence de 
vibration sorties par ledit premier moyen de sortie 
(S10A, S30A) et ledit second moyen de sortie 
(S10B, S30B), est k I'interieur d'une gamme pr6d6- 
terminee. 

5. Un dispositif de detection de frequence de reso- 
nance d'un pneu pour un vehicule, selon la revendi- 
cation 3, dans lequel ledit moyen de detection de 
bruit (S42A, S42B) detecte chaque dite compo- 
sante de frequence de vibration comme 6tant ladite 
composante de frequence de bruit dans le cas ou 
chaque dite composante de frequence de vibration 
sortie par ledit premier moyen de sortie (S10A, 
S30A) et ledit second moyen de sortie (S10B, 
S30B), comporte la m§me phase. 

6. Un dispositif de detection de frequence de reso- 
nance d'un pneu pour un vehicule, selon la revendi- 
cation 2, dans lequel ladite correlation utilise des 
fonctions de coherence sur ledit pneu de gauche 
(1b, 1d) et ledit pneu dedroite (1a, 1c) qui comporte 
une composante de vibration de pneu k chaque fre- 
quence. 

7. Un dispositif de detection de frequence de reso- 
nance d'un pneu pour un vehicule, selon la revendi- 
cation 1 , dans lequel ledit moyen de suppression de 
bruit (S43A, S43B) supprime une influence de 
ladite composante de frequence de bruit, en com- 
pensant un spectre de puissance de ladite compo- 
sante de frequence de bruit k chaque frequence. 

8. Un dispositif de detection de frequence de reso- 
nance d'un pneu pour un vehicule, selon la revendi- 
cation 1 , dans lequel ledit premier moyen de sortie 
(S10A, S30A) et ledit second moyen de sortie 
(S10B, S30B) respectivement, sortent ladite com- 
posante de frequence de vibration de chaque dit 
pneu en mettant en oeuvre un traitement de trans- 
formation acceieree de Fourrier, en ce qui con- 
cerne les signaux de vitesse des roues, k partir de 
capteurs de vitesse de roues (2a~2d, 3a~3d) dis- 
poses sur chaque pneu dudit vehicule. 



9. Un dispositif de detection de frequence de reso- 
nance d'un pneu pour un vehicule, selon la revendi- 
cation 1 , dans lequel ledit moyen de suppression de 
bruit (S43A, S43B) supprime ladite composante de 

5 frequence de bruit en supprimant un spectre de 
puissance de ladite composante de frequence de 
bruit k chaque frequence. 

10. Un dispositif de detection de frequence de r6so- 
10 nance d'un pneu pour un vehicule, selon la revendi- 

cation 1 , comportant en outre : 

un moyen de detection de pression d'air de 
pneus (S80A, S80B) pour detecter les pres- 

15 sions d'air de chaque pneu sur la base desdi- 

tes composantes de frequence de resonance 
des pneus derivees desdites composantes de 
frequence de vibration de chaque dit pneu, k 
partir desquelles ladite composante de fre- 

20 quence de bruit est supprimee par ledit moyen 

de suppression de bruit (S43A, S43B). 

11. Un dispositif de detection de frequence de reso- 
nance d'un pneu pour un vehicule, selon la revendi- 

25 cation 1 , comportant en outre : 

un moyen de detection de pression d'air de 
pneus (S80A, S80B) pour detecter les pres- 
sions d'air de chaque dit pneu sur la base des 

30 constantes de rappel des pneus qui correspon- 

dent k ladite frequence de resonance des 
pneus, et sont detectees k partir desdites com- 
posantes de frequence de vibration de chaque 
dit pneu, k partir desquelles ladite composante 

35 de frequence de bruit est supprimee par ledit 

moyen de suppression de bruit (S43A, S43B). 
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FIG. 4 
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FIG. 6 
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